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in which the fish evolved. These observations can reveal the rate of development of population-specific traits. Efforts to transplant salmonids have met with mixed success. Establish ment of new Pacific salmon (Oncorhynchus spp.) populations within the native range of the species has been notably unsuccessful (Withier 1982) . While freshwater populations of salmonids have been established on all continents except Antarctica (e.g., Salvelinus fontinalis (MacCrimmon and Campbell 1969) and 0. mykiss (MacCrimmon 1971)) , it has proven difficult to establish anadromous populations outside the species' endemic range. For example, 0. nerka and Salmo salar established only freshwater populations in New Zealand (McDowall 1990) , and the 0. gorbuscha transplant to New foundland was generally unsuccessful (Lear 1980) . The most Received July 3, 1992 Accepted January 28, 1993 (JB543) Sal monids display great interpopulation variation in life his tory traits, morphology, behavior, and other characteris tics. Phenotypic variation in traits such as age structure and size at age reflects not only differences in rearing conditions but also genetic adaptation to local environments (Ricker 1972; Saunders 1981; Taylor 1991) . Salmonid fisheries management attempts to be population specific (e,g., McDonald 1981; Saun ders 1981) , reflecting the importance attached to these adap tations. Losses of discrete populations have further focussed attention on the concept of population differentiation (Nehisen etal. 1991) .
The transplantation of salmonids to new habitats provides an opportunity to observe changes in life history patterns under growing conditions and selective regimes that differ from those long-standing, successful establishment of an anadromous sal monid appears to be that of chinook salmon (0. tshawytscha) in New Zealand (McDowall 1988) .
Chinook salmon were first brought to New Zealand in the 1870s, but apparently no significant runs were established (McDowall 1990) . However, between 1901 and 1907 , chinook from the Sacramento River, California, were reared in a hatch ery on the Hakataramea River, a tributary of the Waitaki River ( Fig. 1) , and the liberation of these fish into the Waitaki River catchment was successful. It has been reported that these fish were from the McCloud River (McDowall 1990 ), but there is now reason to believe that they may have been from Battle Creek instead (R.M. McDowall, National Institute of Water and Atmospheric Research, Christchurch, N.Z., personal commu nication.) Within about 10 yr, chinook salmon had colonized the Waitaki River system and established self-sustaining pop ulations in other major rivers on the east coast of the South Island up to 230 km away (McDowall 1990) . No subsequent introductions were made, and hatchery releases into the central east coast rivers ceased during the 1 920s. Releases started again in 1978, as interest in commercial ocean ranching began to develop, although returns from these operations had little impact on the fishery until 1982 (Unwin 1991) . For the purposes of this paper, we have assumed that present-day New Zealand chi nook are descended solely from the 190 1-07 liberations. From the 1920s to the early 1980s, therefore, chinook salmon pop ulations in New Zealand developed free of any hatchery influ ence, from a relatively discrete parent stock.
Examination of scale samples in the late 1920s and early 1 930s revealed differences in age structure and freshwater res idence period from typical North American populations (Parrott 1971) , indicating some modification of life history for local conditions. More recently, McDowall (1991) raised the issue of whether or not genetic differentiation has occurred among New Zealand populations. The primary purpose of this inves tigation was to ascertain whether New Zealand chinook salmon show significant interriver variation in life history traits com monly used to characterize salmon populations (Ricker 1972) . We selected a suite of heritable traits, although environmental control is important to varying extents among the traits: age structure (freshwater and marine age), length at age, weight at length, mean body size of the population, timing of return to freshwater, and timing of spawning. The existence of pheno typic differences could serve as the basis of an investigation into the degree of genetic differentiation since the transplant over 90 yr ago. The secondary purpose was to compare New Zealand chinook salmon life history patterns with those of North American populations.
Methods
We analysed published and unpublished data from the four most productive salmon rivers (James 1992) : the Wairnakariri, Rakaia, Rangitata, and Waitaki rivers (Fig. I) . These rivers are primarily fed by snow-and icemelt, flowing from the Southern Alps of the South Island eastward into the South Pacific Ocean. Peak flows generally occur in spring and minimum flows in late summer and early autumn. However, floods resulting from heavy rainfall in the alpine headwaters can occur at any time of the year (Glova et al. 1985) . Over much of their length, all four rivers have unstable, braided shingle beds, typically a kil ometre or more in width.
The rivers have mean discharges of 350 m3s (Waitaki), 196 m3s (Rakaia), 119 m3s~' (Waimakariri), and 92 m3s (Rangitata). The Waitaiki River's flow regime has been altered by extensive hydroelectric development; peak flows are in winter, and an impassable dam, built in 1932, limits salmon to the lower 67 km of the river. Approximately 50 km upstream from the mouth of the Rangitata River, 30 m3s~are abstracted for irrigation and hydroelectric production and dis charged into the Rakaia River. In the Waimakariri, Rakaia, and Rangitata rivers, stable spring-fed streams along the flood plain margins in the upper catchments (90-120 km upriver) provide most of the salmon spawning habitat. Spawning in the Waitaki River takes place in the margins of the mainstem below the dam and in the Hakataramea River, which joins the main river 60 km from the mouth.
Salmon data for the Waimakariri River were collected from one of its tributaries, Winding Creek, where a fence was main tained from 1979 to 1984 (Hardy 1989) . Rakaia River data were available from Flain's (1982) record of salmon caught by anglers (6 yr between 1967 and 1976) , salmon intercepted at a fence on a tributary, Glenariffe Stream (17 yr, 1965-8 1) , and from spawning ground samples from a region of the river known as the Hydra Waters (6 yr between 1967 and 1976; Flain 1982; West and Goode 1987) . Rangitata River samples were collected from spawning ground surveys, fences, and salmon caught by anglers (12 yr between 1960 and 1984; Davis et al. 1986 ). Data for the Waitaki River and its major tributary, the Hakataramea River, were taken from James and Deverall (1987) and unpub lished sources, chiefly anglers' records. In addition, Parrott (1971) reported on scales collected in the l920s and 1930s from the Waimakariri, Rangitata, and Hakataramea rivers.
Data on age composition and fork length were augmented in many cases with information on the period of stream residence, as inferred from scale pattern analysis. To maximize consist ency among rivers, scales samples from Waitaki River, Rakaia River, and Hydra Waters chinook were reexamined by the same reader responsible for Rangitata River and Winding Creek sam ples. Consequently, some of our results differ slightly from those in the reports cited above. We distinguished between "ocean-type" and "stream-type" chinook salmon (Gilbert 1913; Koo and Isarankura 1968; Healey 1983; Taylor 1990 ). The former migrate to sea in their first year of life, as either newly emerged fry or after about 2-3 mo in freshwater. Streamtype chinook spend a full year in freshwater prior to seaward migration.
There is interannuai variation in freshwater residence pattern, age structure, and size at age. However, because unusual age categories such as 2-yr-old females and 5-yr-olds were not recovered each year, we analysed age, length, and sex data as means of all individuals rather than as means of annual means. It is also possible that different sampling methods (anglers, fences, and spawning grounds) may not be comparable. We have assumed that data from the Glenariffe Stream and Winding Creek fences, both semipermanent structures anchored to bedlogs spanning the full width of each stream, are complete. Angler data may favor larger fish, although the fishing regu lations permit retention of all maturing salmon and catch rates (Rakaia River average 0. 8-0.9 fish per angler per season, West and Goode 1986) are sufficiently low that small salmon (e.g., 2-yr-oids) are seldom released. Carcass recoveries also tend to favor larger fish (Flain 1982) ; hence, age and length distribution data from spawning surveys may be biased with respect to fence data. To gauge the extent of this bias, we compared the length frequency distribution of all salmon recorded at the Glenariffe counting fence with the size distribution of carcasses recovered from spawning grounds above the fence. The two distributions differed significantly (Kolmogorov-Smirnov test; P < 0.001) although the difference in mean length (carcasses 750.5 mm; fence 747.6) was small. We used an age-length key (Kimura 1977) to calculate the errors arising from using the age distri bution of the recovered carcasses as a measure of the true age distribution, known from fence data. The age-length key reduced the estimated mean age by 0.01 yr (from 3.07 to 3.06) and the incidence of 4-yr-old fish (the age group most affected by recovery bias) by 1.1% (from 17.7 to 16.6%). We therefore proceeded with our analysis on the assumption that, while age and length data for spawning grounds such as the Hydra Waters (which are based solely on carcass recoveries) are probably biased towards larger and older fish, the resulting errors do not exceed those estimated for Glenariffe Stream.
We determined length-weight relationships for adult chinook salmon in the four major rivers by analysing data collected dur ing a series of fishing competitions, held annually since 1983. These competitions, held over 3-to 5-d periods during Febru ary-March, provided incentives for anglers to turn in all fish caught, regardless of length or weight. Despite the presence of hatchery-produced fish in these samples, we used them rather than the earlier records of anglers at large because the weights were more accurately and consistently recorded.
Records of angler catches on the Rakaia and Waitaki rivers indicated the date of entry into freshwater. The Waitaki River sports fishery takes place primarily at or near the river's mouth (Pierce 1989) and we assume that these records closely corre spond to the actual date of entry. Angling on the Rakaia River is more widely distributed, generally over the lower 50-60 km of the river (Unwin and Davis 1983) , so the date of entry may be somewhat earlier than indicated by angler catch data. For spawning populations, counts of salmon at the Glenariffe Stream and Winding Creek fences are appropriate and com parable indices of spawning time, as recoveries of tagged fish and spawning ground surveys revealed that the fish spawned within 9-10 d after passing the fences (West and Goode 1987; Hardy 1989 ). For angler catches and counting fences, we used the median day (i.e., day of the year when 50% of the annual total had been recorded) as the measure of timing.
The purpose of this investigation was to examine adaptation of chinook salmon to New Zealand rivers; hence, we omitted samples from hatchery-produced salmon or only analysed data from years with exclusively or primarily natural production. We also emphasized data prior to the mid-1980s, as salmon from the Glenariffe Hatchery have been planted into many spawning grounds outside the Rakaia River since then.
Results

Age Structure
Among all populations, most salmon matured at age 3 (58-69% of males and 63-80% of females; females, 4-yr-olds were next most numerous and 2-yr-olds were scarce (1-5%). Among males, the relative abundance of 2-and 4-yr-olds varied. None of the populations had more than 0.4% 5-yr-olds, and no fish aged 6 or older were recorded. Mean age of males ranged from 2.93 (Rangitata River) to 3.32 (Waitaki River). These two rivers also had the youngest and oldest females, respectively (3.12 and 3.35). While the age distributions of all five populations were dominated by 3-yr-olds, a chi-square test of the three most prevalent age groups revealed significant interpopulation differences (P < 0.001). A posteriori analysis revealed that the age distributions of the Waitaki River and Hydra Waters populations differed (P < 0.001) but there were no differences among the Glenariffe, Rangitata, and Rakaia River populations (P > 0.10). Further, both the Waitaki River and Hydra Waters populations differed from the Glenariffe, Rakaia, and Rangitata River populations (P < 0.001). Males were more numerous than females in the Hydra Waters (58.4%) and Winding Creek (56.0%) (P < 0.001) but not in the Rakaia River (51.2%), Glenariffe Stream (50.0), Waitaki River (49.2%), or Rangitata River (48.3%).
Freshwater Life History
While overall age at maturity varied among populations, there was also considerable variation in the period of freshwater res idence. All populations comprised mixtures of stream-type and ocean-type juvenile life histories, ranging from 29.1% streamtype in the Hydra Waters to 75.6% in Winding Creek (Table  2) . There was also an interaction between age at maturity and pattern of stream residence within rivers. Older individuals were more often stream-type than younger individuals, although the difference was more pronounced for some rivers such as the Rangitata than others (e.g., the Hakataramea). Within age groups, there was considerable variation in the proportion of Table 1 ). The differences were most pronounced among 4-yrolds and less so in younger fish. Length at age also varied from year to year, and the magnitude of the variation equalled or exceeded that attributable to population (ANOVA, P < 0.001).
Mature stream-type chinook were generally smaller at a given age than ocean-type fish, these differences being most pro nounced among young fish (Table 3) . Because the proportion of stream-type fish varied among rivers and age groups, we compared length at age data for the Rakaia and Waitaki rivers by considering each freshwater residence type separately. Wai taki River chinook were generally larger than Rakaia River chi nook of the same age and life history type (nested ANOVA, age x river: ocean-type P = 0.002; stream-type, P = 0.001). No differences were detected among 2-yr-olds (which were poorly represented in the Waitaki River samples), but 3-and 4-yr-old Waitaki River chinook were significantly (15-51 mm) longer than Rakaia River fish of the same type. Size differences between these two rivers thus reflect differences in growth rate within each life history type, rather than merely variation in the proportion of stream-type fish.
Data from fishing competitions revealed differences in length-weight relationships (for log-transformed data) among years and rivers. To control for the interannual variation, we compared length-weight relationships among rivers for 1985, the only year when competitions were held on all four rivers, and found significant variation (ANCOVA, P < 0.001). We also found a significant difference in the slopes of the length-weight (L and W, respectively) relationships of Waitaki and Rakaia River salmon, on the basis of 6 yr with common data. Above the intersection point (496 mm), Waitaki River fish were heavier for their length than Rakaia River fish (ANCOVA, P<0.OOl: Waitaki, W = 104242L2772; Rakaia, W 104''8L2726).
Additional evidence of variation in length-weight relation ship among populations was available from 1991 angler records (M. Webb, Central South Island Fish and Game Council, P.O. Box 150, Temuka, N.Z., personal communication). The mean lengths of salmon caught in four rivers were very similar but their weights differed dramatically (Waitaki: 690 mm, 4970 g, n = 46; Rangitata: 700 mm, 4360 g, n = 214; Opihi: 690 mm, 3520 g, n = 103; Orari: 690 mm, 3520 g, n = 44). Notwith standing the possibility that these data may include some salmon of hatchery origin, they further emphasize the great weight of Waitaki River chinook for their length.
Entry into Freshwater
Salmon were caught in the Rakaia River from October through May but the modal months were January and February, when 69.2% of the salmon were caught (Table 4) . The modal capture month in the Waitaki River was March, when 48.4 % of the salmon were caught. Median capture dates differed by over a month between the two rivers (Rakaia, 7 February; Wai taki, 9 March). Because the Rakaia River data, unlike those from the Waitaki River, included records of salmon caught above the river's mouth, the median date of entry into the Rak aia River may well have been earlier and the difference between the two rivers greater than indicated by these figures.
We examined the data set of angler-caught fish from the Rak aia and Waitaki rivers for a relationship between date of capture (our measure of entry time) and freshwater residence pattern. Stream-type fish became progressively more abundant later in the season and ocean-type fish became less abundant (Rakaia: x2 = 21.3, df = 4, P <0.001; Waitaki: x2 = 67.7, df = 3, P < 0.001; Table 4 ). Median capture dates for the two life history types also differed within rivers (Rakaia: ocean-type, 4 February; stream-type, 9 February; median test P = 0.03; Waitaki: ocean-type, 26 February; stream-type, 18 March; median test P < 0.001). Despite the interaction between age at maturity and freshwater residence pattern (e.g., Table 2 ), date of capture was at most weakly related to age (Rakaia: x2 = 7.9, df = 8, P <0.44; Waitaki: x2 = 12.3, df = 6, P = 0.055). Thus the tendency for stream-type fish to enter later was not an artifact of their generally greater age at maturity.
Date of Entry onto Spawning Grounds
Salmon entered Glenariffe Stream spawning grounds in late April (range of median arrival dates: 21 April to 6 May over 17 yr). During 6 yr on Winding Creek, the median arrival date ranged from 10-11 to 18 May. Overall, the mean median arrival dates differed by 16.2 d (day of the year 119.1 ± 3.7 versus 135.3 ± 3.0). In general, males preceded females onto the spawning grounds. The median arrival dates for males and females varied by 5.2 and 8.8 d at Glenariffe Stream and Wind ing Creek, respectively.
Discussion
While all New Zealand chinook salmon populations showed a modal age of 3, with an ocean age of I or 2. age structure varied among populations. Fish from the Waitaki River and Hydra Waters were significantly older than those from the Ran gitata River and Glenariffe Stream. To the extent that greater average age at maturity reflects slower growth, we would expect salmon from Hydra Waters and Waitaki River to be smaller at age than those from the Rangitata River and Glenariffe Stream. However, this was not the case; the longest males and females at age 4 were from the Waitaki River. Males and females from the Hydra Waters were longer than those from Glenariffe Stream but shorter than Rangitata River fish. Thus in some cases, var iation in age structure magnified variation in size at age such that overall mean length varied from 738 and 754 mm for Glen ariffe males and females, respectively, to 829 and 827 mm for Hydra Waters males and females and 788 and 772 mm for Hydra Waters males and females.
The variations in age structure, length at age, and overall length between Hydra Waters and Glenariffe Stream salmon, 5-30 times larger than any differences attributable to sampling bias, are particularly interesting because these two streams are only about 3 km from each other in the Rakaia River catchment. Evidence indicates that juvenile salmon leave Glenariffe Stream and rear for a significant period of time in the Rakaia River's main stem prior to seaward migration (Unwin 1981 (Unwin , 1986 Hop kins and Unwin 1987) . Assuming that Hydra Waters fish also move into the main-stem Rakaia River, freshwater rearing con ditions and subsequent marine foraging opportunities for these populations would be similar.
The variation in length at age among populations seems to reflect variation in marine rather than freshwater growth, as older fish differed more in size than younger ones. Moreover, the Waitaki River produced a larger proportion of stream-type fish (smaller at age than ocean-type) than the other populations, yet it produced the largest average fish at age 4. Finally, Waitaki River fish were not only longer for their age but heavier for their weight than Rakaia River fish.
The variation in length and weight among populations may have resulted from different growth rates in a common marine feeding area or from different marine distributions. Salmon growth rates vary among families and populations (Withler et a!. 1987 ) and respond quickly to artificial selection (Hershber ger et a!. 1990); hence the greater size of Waitaki River fish may have some direct genetic basis. Little is known about the marine distribution of New Zealand salmon (Flain 1981; Unwin et a!. 1988) ; hence, population specific-feeding areas cannot be ruled out. However, interannual variation in marine growth (evidenced by length and condition factor) equalled or exceeded the variation attributable to population, and populations gen erally exhibited similar trends in size from year to year. These patterns indicate that all populations were influenced by strong, common ecological variables at sea.
In addition to the interpopulation differences in age and size, these traits differed from chinook salmon at comparable North American latitudes, where 4-yr-olds are generally most common (Nicholas and Hankin 1988; Healey 1991) with an ocean age of 3. The presence of a small but significant number of females in New Zealand populations is also noteworthy. No 2-yr-old females were reported in any of 17 populations of fall (i.e., ocean-type) chinook salmon in Oregon, and four popu lations had no females under 4 yr of age (Nicholas and Hankin 1988) . The winter temperature regime in the nearshore waters of the South Island's east coast (8-10°C; Greig et al. 1988 ) is roughly comparable with that off Oregon (Favorite et al. 1976 ), but New Zealand summer temperatures (15-17°C) are some what warmer than those found off Oregon. Farther north in North America, the modal age is often even greater. For exam ple, Yukon River chinook populations had a modal age of 6 and the youngest females were age 5 (all stream-type; Beacham et a!. 1989).
The tendency towards lower age at maturity might result from either fast growth (enabling fish to reach optimum size at a younger age) or from selection against older and/or larger fish. Comparison of the size at age of New Zealand chinook salmon with data from Oregon (Nicholas and Hankin 1988) indicates that the New Zealand fish are much larger than the Oregon fish at age 2, somewhat larger at age 3, and about the same size at age 4. The length at age of New Zealand chinook also compares favorably with populations from British Columbia and Alaska (Healey 1991) .
New Zealand chinook salmon apparently experience rapid growth during their early period at sea, but this growth rate is not sustained and from age 3 to 4 they grow less rapidly than their North American counterparts. The tendency to mature early may thus be a direct result of rapid early growth (e.g., Bilton et al. 1982; Brannon et al. 1982) . However, age at matu rity has a large heritable component in salmonids (Gjerde 1984; Iwamoto et al. 1984) including chinook (Hard et al. 1985) . The apparent change in modal age from the North American pattern may be in part an expression of natural selection in the New Zealand environment -the life history trade-off between mor tality rate and increased fecundity from age 3 to 4 (Healey and Heard 1984) . Taylor's (1990) review indicated that stream-type popula tions predominate in areas of poor growth such as northern riv ers and the headwaters of large river systems. Most North American populations are predominately either stream-type or ocean-type, although the same river may have separate streamtype and ocean-type populations (Carl and Healey 1984) ; hence the mixture of types within New Zealand populations is some what unusual. The variety of freshwater residence periods inferred from scale patterns is supported by sampling in the brackish lagoons at the mouths of some rivers. Juvenile chinook were caught in all months of the year in the Rakaia River's lagoon and in all months except July in the lagoon of the Wai makariri River (Eldon and Greager 1983; Eldon and Kelly 1985) . In August-October, both young-of-the-year and year lings were taken in the lagoons.
The interannual variation in proportion of stream-type fish within rivers indicates a large environmental component in this trait. The variation in flow regimes within and between years (Glova et al. 1985) may destabilize selection on juvenile resi dence pattern and result in the mixture of patterns. However, with the exception of the Waitaki River, whose environment is affected by lakes and (lately) dams, the rivers are generally similar to each other in temperature and flow regimes. It is thus not clear what environmental factors might be responsible for the differences among populations.
In North America, freshwater residence pattern often co varies with the timing of adult returns to freshwater (Healey 1991) . Populations that produce stream-type juveniles tend to have adults returning earlier in the year than ocean-type pop ulations. Given the variation in both freshwater residence pattern and return timing of adults, we hypothesized that this pattern of covariation might be evolving in New Zealand rivers. However, the opposite trend was observed; stream-type fish became more abundant later in the spawning run and oceantype fish became less abundant. The stream-type fish were gen erally smaller for their age than ocean-types, presumably because they entered the ocean later in life. They may com pensate for this by remaining at sea later in the spawning season.
It is unclear why any of the salmon enter the rivers as early as three or more months prior to spawning, or why they enter the Waitaki River over a month later than the Rakaia River. They need not travel great distances to the spawning grounds (about 100 km) and neither river contains areas of difficult pas sage, although significant elevations are gained (about 450 m to Glenariffe Stream). The most notable difference between the rivers is the more stable flow regime in the Waitaki River, a consequence of the large lakes in the headwaters and hydro electric development on the river. Limited data from Rangitata River angler diaries indicated that the pattern of entry into this river resembles that into the Rakaia. Most (51.4%) of the fish were caught in January; March and April together accounted for only 20.2% in 1991 (M. Webb, Central South Island Fish and Game Council, Temuka, N.Z., personal communication) .
Spawning date is an important adaptation of salmon popu lations to the river conditions experienced by adults and also to the thermal regime that their offspring will experience during incubation (Brannon 1987) . The timing of migration and spawning varies markedly among salmonid populations within their natural range (e.g., Brannon 1987) and has a significant genetic component (Ricker 1972; Gall et al. 1988; Hansen and Jonsson 1991) . Artificial selection on spawning date in rainbow trout produced changes of nearly 7 d per generation over six generations (Siitonen and Gall 1989) . The difference in spawn ing dates between Glenariffe Stream and Winding Creek pop ulations implies different selection regimes. Both streams receive significant amounts of groundwater; winter water tem peratures (e.g., June) are about 8-9°C (Unwin 1986; Hardy 1989) . Data from Deep Stream, a tributary of the Rangitata River, indicated similar timing to Glenariffe Stream (median arrival dates 24 and 28 April; Davis and Unwin 1989) . While it is not clear what factors are responsible for the differences in timing of migration spawning between rivers, the persistence of these differences over many years indicates that they prob ably reflect genetic adaptation.
In summary, New Zealand chinook salmon differed in all life history traits examined among rivers. Some of the differences (e.g., mean length at age 4, Glenariffe Stream versus Waitaki River; proportion of stream-type fish, Winding Creek versus Rakaia and Rangitata rivers; spawning date, Glenariffe Stream versus Winding Creek) were substantial, and we interpret them as highly significant in a biological as well as a statistical sense. The variable traits (age at maturity, growth rate, time of adult migration and spawning, and freshwater residence period) are all known to be controlled by both genetic and environmental factors. The presence of phenotypic differences among New Zealand populations establishes the possibility that natural selection brought about genetic divergence, but it does not con stitute proof of such divergence. Genetic differences among populations depend on limited gene flow. Chinook salmon col onized many New Zealand rivers; hence, substantial amounts of straying must have taken place initially. There are no data on the prevalence of straying by naturally produced chinook salmon in New Zealand, but about 4% of those released from the Glenariffe Stream Hatchery during the normal migratory period (September-February) stray to other catchments (Unwin and Quinn 1993) . Recent years have seen extensive releases of hatchery-reared chinook salmon, chiefly from the Glenariffe Stream population, into other rivers. While releases may hinder the establishment of local adaptations, evidence that Waitaki and Rakaia River salmon presently differ in weight-length rela tionship and length-specific fecundity (Quinn and Bloomburg 1992) indicates that phenotypic differences remain.
The implications of these findings for North American salmon management are open to interpretation. One might argue that the differentiation of populations within New Zealand in some 20-25 generations illustrates the importance of local adaptations, underlining the need to preserve distinct popula tions (Nehlsen et al. 1991) . However, the rapidity with which the differentiation occurred could also be taken as evidence of the great genetic plasticity of salmon. We conclude that, given the difficulties in reestablishing extinct populations within the species range (Williams 1987) , rational management should treat genetic resources (i.e., populations) with great care.
